The role of inflammatory indices has been suggested in preterm labor. Objectives: The possible relationship of some inflammatory and hematological markers were investigated as predictors of preterm labor. Patients and Methods: Around 110 full-term and 109 preterm women were randomly enrolled. According to the gestational age at delivery, they were divided into two groups including <37 weeks and ≥37 weeks pregnancies. The patients' age, body mass index (BMI), history of smoking were recorded. Selected hematological parameters, erythrocyte sedimentation rate (ESR) and high-sensitive C-reactive protein (hs-CRP) were measured. Comparison of groups, the odd's ratio and accuracy of each index were evaluated and assessed statistically. Results: Overall, 110 full-term and 109 preterm mothers were evaluated. Mothers with preterm labor had higher WBC, hemoglobin, neutrophil proportion, neutrophil/lymphocyte ratio (NLR), platelet count, platelet/lymphocyte ratio (PLR), and ESR and also hs-CRP values. However, they had lower lymphocyte proportion than mothers with full-term delivery. Hs-CRP higher than 10.9 mg/L showed moderate sensitivity (50.46%) instead of high specificity (90.91%), while ESR >30 mm revealed 85.32% sensitivity and 93.64% specificity for predicting preterm labor. Lymphocyte ratio ≤22% and NLR >3.21 represented high sensitivity and plausible specificity. Hemoglobin >10.8 g/dL, platelet count >178 000 cells/μL, PLR> 8.53 and WBC >7800 cells/μL showed adequate sensitivities with low to moderate specificities to predict preterm labor. Conclusion: Most of the investigated variables were associated with preterm delivery. The cut-off values obtained here may help obstetricians to predict preterm delivery, and therefore to manage its complications, costs, hazards and care problems.
Introduction
Preterm labor is one of the main causes of morbidity and mortality in premature neonates (1) . Pre-term deliveries (i.e. before the 37th week of pregnancy) occurs in nearly 8% of all deliveries (2, 3) . In addition, 75% of neonatal mortalities befall in preterm deliveries (4) . The main risk factors of preterm labor include hypertension during pregnancy, placental, genital and anatomical problems, premature placental abruption or membrane bruising, multiple pregnancies, histories of abdominal surgery as well as premature delivery and abortion (5) . The premature neonates' costs of care have been estimated at $30 000 in the United States (6) . Therefore, preventing preterm delivery is important to manage its socioeconomical burden, as well as its complications. Preterm labor has a multifactorial etiology. Multiple factors such as fetus endocrine dysfunction, as well as pathologic, inflammatory and infectious causes have been suggested to predispose to preterm labor.
Systemic inflammation alters absolute and relative neutrophil and lymphocyte counts. In this regard and in parallel to common indices such as C-reactive protein, neutrophil to lymphocyte ratio (NLR) or platelet to lymphocyte ratio (PLR) have also been introduced as potential inflammatory markers (7) (8) (9) . Delivery pain itself provokes an inflammatory response in the body (10) . On the other hand, increased total and differential white blood cell counts are observed in the primitive phase of delivery. Furthermore, the myometrium and cervix are infiltrated by inflammatory cells during delivery. Accordingly, these subclinical inflammatory events may mask other sources of infection or inflammation in pregnant women (11, 12) . Routine clinical evaluations for diagnosis of preterm delivery (i.e. cervix length measurement using transvaginal sonography, fetal fibronectin assay and bacterial vaginosis evaluation) have not been well oriented for diagnosis of preterm delivery (13) . In addition, these clinical evaluations are costly and time-consuming.
Objectives
In this study, we aimed to evaluate the diagnostic accuracy of routine para-clinical and laboratory parameters (including selected hematologic and inflammatory parameters) to predict preterm labor. Furthermore, we evaluated these parameters as potential risk factors for preterm labor.
Patients and Methods

Study protocol
This study was approved by the Ethical Committee of Shahid-Beheshti University of Medical Sciences. Singleton pregnant women with intact membrane, temperature <38°C, regular uterine contraction (4 times in every 20 minutes and 8 ones in every 60 minutes) with cervical effacement ≥80% or cervical dilatation >2 cm that admitted to Imam-Hossein hospital, Tehran, Iran (September 2016 to September 2018) were enrolled in our study. Chronic inflammatory disease (including ulcerative colitis, Crohn's disease, and rheumatoid arthritis), ceasing labor pain and fetal tachycardia were the exclusion criteria. The women were categorized based on the standard criteria, into either preterm (24-37 weeks) or term (37-42 weeks) groups. The patients willing to participate were requested to sign an informed consent.
The patient's demographic data was gathered by interviewing the mothers or exploring their medical records. The patients' age, body mass index (BMI) before pregnancy and at delivery time, history of smoking, education were recorded. Selected hematological parameters, erythrocyte sedimentation rate (ESR) and high-sensitive C-reactive protein (hs-CRP) were measured.
The whole blood samples for laboratory measurements were collected from each participant at admission. Hematologic indices were determined using KX-21 Sysmex automated hematology analyzer. ESR was determined using an automated ESR reader (ESR STAT™ PLUS). CRP serum level was measured using immunoturbidimetric assays (Pars Azmun Co. Iran).
Ethical issues
The research followed the tenets of the Declaration of 
Statistical analysis
Statistical analysis was done in SPSS version 24 and MedCalc statistical Software version 15.8 (14) . For quantitative variables with non-normal distribution; 25th, 50th and 75th percentiles plus minimum and maximum values were reported along with the mean ± SD. Mann-Whitney U test was applied to compare the variables between fullterm and pre-term groups. Odds ratios were calculated to estimate potential risk factors of pre-term labor. The sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) were determined for the cut-off values obtained by receiver operating characteristic (ROC) curve analysis. The area under ROC curves (AUC) were also reported for these variables. Pearson correlation was used to assess correlations between the variables. The confidence interval was considered equal to 95% in all the statistical analysis.
Results
In total, 225 singleton pregnant women enrolled in our study, among them 6 were excluded due to stop their labor pain. Therefore, 110 term and 109 preterm deliveries were investigated in our study. The distribution of educational levels was significantly different between the mothers with preterm and full-term labors. In this study we found a significant association between mothers' age at the pregnancy and the risk of preterm labor. The values of WBC, hemoglobin, relative neutrophil count (%), NLR, platelet count, platelet count, PLR, ESR and hs-CRP were significantly higher in preterm group (P < 0.05 for all comparisons). On the other hand, the mean lymphocyte percentage was significantly higher in the term group (P < 0.05). Table 1 shows the comparison of the variables between full-term and preterm deliveries, as well as their odds ratios associated with the risk of preterm labor. The highest odds ratio for preterm delivery was related to NLR followed by platelet count, PLR and hemoglobin. The obtained odd ratios revealed that higher values of WBC, hemoglobin, neutrophil %, NLR, platelet count, platelet count, PLR, ESR and hs-CRP, or lower lymphocyte % were potential risk factors for preterm labor. The frequencies of cesarean were 34.9% and 51% in mothers with preterm and fullterm deliveries respectively (P = 0.1107). There were no significant deviations in the distributions of cigarette smoking history, employment status, gestational diabetes, metritis or hypothyroidism between preterm and fullterm mothers (Table 2) .
We evaluated the diagnostic accuracy of each studied variable for predicting preterm delivery. The diagnostic accuracy was determined using ROC analysis ( Figure 1 ). Youden index was applied to obtain proper cut-off values. ROC analysis showed that the studied hematological parameters had the least accuracies for predicting preterm labor. On the other hand, the hs-CRP value >10.9 mg/L, represented moderate (50.46%) sensitivity and high (90.91%) specificity. The hs-CRP also revealed high (84.6%) PPV, although lower (64.9%) NPV for preterm delivery. The AUC= 0.940 was obtained for ESR also indicated a high predictability potential for parameter delivery. ESR represented sensitivity, specificity, PPV, and NPV values of 85.32%, 93.64%, 93.0% and 86.6% respectively. At the respective cut off values of ≤22% and >3.21, lymphocyte % and NLR represented high sensitivities with respectively lower specificities and NPVs for predicting preterm labor. The hemoglobin, platelet count, platelet count, PLR and WBC represented good sensitivities against low to moderate specificities at their optimal cut-off points for predicting preterm delivery (Table 3) . Table 4 shows the results of Pearson's correlation analysis for estimating correlations between the studied variables.
In the current study, the mothers with preterm labor were further divided into two groups including early-preterm and late-preterm. Early preterm was defined as delivery at up to the week 33 plus 6 days (i.e. the weeks 28 to 33 + 6 days). Late-preterm; on the other hand, was defined as delivery between the weeks 34 to 36 of pregnancy. Overall, 27 and 82 mothers had early preterm and late-preterm labors respectively. There were no significant differences between early and late preterm groups regarding the studied inflammatory and hematologic parameters (Figures 2 and 3) .
Discussion
Different studies have been dedicated to identify potential risk factors of pre-term labor. In the current study, we assessed the diagnostic and predictive validities of some hematologic and inflammatory indices as potential risk factors of pre-term labor. Considering clinical and demographical parameters, no significant associations were obtained between mothers' education, history of smoking, gestational diabetes, metritis, and Figure 1 . Receiver operating curve (ROC) analysis for the studied parameters and their area under curve (AUC), sensitivity and specificity. As indicated, ESR and NLR represented higher validities for predicting preterm labor. Furthermore, WBC, lymphocyte%, platelet count, and platelet/lymphocyte ratio showed appropriate AUC values for diagnosis of pre-term delivery. hypothyroidism and also preterm labor. This study evaluated a relatively low number of subjects in some categories (such as mothers diagnosed with gestational diabetes, metritis and hypothyroidism) limiting the power of the study. The results of the current study showed that higher pregnancy age, lower hemoglobin concentration, higher neutrophil %, platelet count, NLR, and platelet count, PLR could predict preterm labor. Furthermore, ESR and hs-CRP inflammatory parameters were significantly higher in mothers with preterm labor than those with fullterm deliveries. According to these findings, most of the investigated variables can be utilized as the early indicators of preterm labor.
Most mothers with full-term labor had non-academic educations proposing that mothers with higher educations may be at higher risk for preterm labor. Nevertheless, this may also be due to higher tendencies of high-educated mothers to be pregnant in an older age which predispose them to preterm delivery. In fact, women with higher educational levels tend to marry in an older age, since older age can subsequently expose them to the higher risk of preterm labor. Among hematologic parameters, NLR was the best predictor of preterm labor. Increased NLR resulted in 3.79 (95% CI: .41 to 5.97) folds elevated risk of preterm delivery. Furthermore, mothers with higher platelet count, PLR also represented a higher risk for preterm delivery (odd ratio = 1.52, 95% CI: 1.32 to 1.74).
Considering the accuracy parameters (i.e. sensitivity, specificity, PPV, and NPV), ESR and NLR delivered the highest diagnostic validities. At the cut-off values of ESR >30 mm and NLR >3.21, these two parameters represented relatively high sensitivities, specificities, PPVs and NPVs. Nonetheless, neither of the evaluated parameters showed significantly different distributions in mothers with early and late preterm deliveries. This phenomenon suggests similar pathologic and physiologic events underlying early and late preterm deliveries.
Bozoklu Akkar et al showed that NLR was significantly higher in mothers with preterm labor (7). Similar finding Comparison of hemoglobin, hs-CRP, WBC count, neutrophil% and neutrophil/lymphocyte% between mothers with early and late preterm deliveries. Statistical analysis showed no significant differences between early and late preterm deliveries regarding these variables (P>0.05 for all comparisons, Mann-Whitney U test were).
was evident in our study with more frequent preterm labors seen in mothers with higher NLR. (16) . In the current study, using the cut-off point of >10.9 mg/L, hs-CRP showed sensitivity, specificity, PPV, and NPV of 50.46%, 90.91, 84.6% and 64.9% respectively. Furthermore, hs-CRP revealed the AUC of 0.722 (95% CI, 0.658-0.781) at this threshold. Accordingly, both the recent studies implied the importance of this acute phase protein as a diagnostic marker in pregnant women, one for inflammatory response (i.e. Kim et al) and the other for preterm labor (i.e. our study). Furthermore, we also described that ESR, as another inflammatory marker, represented even better accuracy indices than hs-CRP and NLR for predicting preterm labor.
In their study, Daglar et al showed no significant difference in the mean values of platelet count, PLR between mothers with preterm or full term deliveries negating this marker as a good predictor of preterm labor (15) . In contrast to the study of Daglar et al, we here identified platelet count, PLR as a significant risk factor for preterm labor (odd ratio = 1.5208; 95% CI = 1.3255-1.7447, P < 0.0001). Moreover, ROC analysis showed an AUC value of 0.770 (95% CI = 0.708-0.824) for platelet count, PLR at the cut-off point of >8.53. In this threshold, platelet count, PLR revealed 89.91%, 53.64%, 65.8% and 84.3% sensitivity, specificity, PPV, and NPV respectively. Based on our observation, platelet count, PLR could be a valuable predictor of preterm labor. In line with our findings, Daglar et al also reported that NLR and hs-CRP were significantly different between mothers with full-term and preterm labor. In accordance with our study, Daglar et al also reported insignificant differences between mothers with preterm and full-term labors regarding demographic variables such as maternal age, weight, and height, as well as the number of pregnancies and educational status (15) . Collectively, inflammatory responses in preterm labor seem to be independent from demographic variables.
On the other hand, platelet count, PLR and NLR may be influenced by ethnicity which should be considered when interpreting these parameters.
Conclusion
In the present study, we evaluated the diagnostic accuracy of routine clinical, para-clinical, and demographical variables for predicting preterm labor. Most of the evaluated variables delivered potentially valuable predictors of preterm labor. The measurement of hematology and inflammatory indices for predicting preterm labor may be helpful to solve the major problem to identify true preterm labor which leads to preterm delivery. To confirm the diagnostic validity of these markers; however, further investigations are needed in other countries and ethnic groups. In conclusion, hs-CRP, ESR, platelet count, PLR and NLR rendered reliable markers for diagnosis and predicting preterm labor. In addition, the optimal cut-off points reported for these variables may be helpful in guiding obstetricians to preterm delivery. Nonetheless, these are suggested to be further evaluated and validated in clinical settings. Regarding the complications, costs, hazards and care problems of preterm delivery, it is recommended to recruit the evaluated variables as potential biomarkers and predictors of pre-term labor.
Limitations of the study
This study was conducted on a limited proportion of patients. We suggest further studies on this subject.
